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Vh>tract : Hydrogen storage alloys arc very important due to then vaiiety of technological applications Bulk alloys have been studied 
j\unsivcly and research field of thin film hydride is relatively new. In present work thin film of LaNi, of thickness 1300A were obliquely deposited at 
n o. 0^ ’, 45 ’. 60*’ and 75” by flash evaporation technique onto glass substrate at a pressure 2 x 10 ' Torr and at room temperature. It was found that 
iv .iLiivalion of LaNi, thin films for hydrogen absorption is fairly easy compaied to the bulk material. The effect of number of hydrogen absorption 
j{Miqiiion cycles on the resistance of LaNi, increases dunng hydrogen absorption and decrease during desorption The resistance change in subsequent 
, Jrs was found to decrease and finally reaches equilibrium state denoting the saturation stage of thin films due to hydrogen absorption
Knwords * Hydrogen storage, absorption / desorption, thin film
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Introduction
I lie LaNi^ a llo y s  is  a h yd rogen  attractive in term etallic  com p ou n d  
III ihc Held o f  r e n e w a b le  e n e r g y  resea rch  f l - 2], w h ic h  can  
it v crsibly store h y d ro g en  for the te c h n o lo g ic a l a p p lica tio n . T h e  
^vinciics o f  h y d ro g en  a b so rp tio n  in bu lk  fo rm , w ere  e x te n s iv e ly  
siudicd [3 -6 ] . T h e s e  s t u d ie s  r e la te  to  c h a n g e  in h y d r o g e n  
diaractcristic o f  the m eta l h y d rid es under c y c lic  co n d itio n  [7 -9 ]. 
llic use o f  thin f i lm  fo r  h y d ro g en  sto ra g e  h as b e c o m e  very  
iinporiant f 10 -14], s in ce  the m ain  pr(x:css o f  hydrogen  absorption  
/desorption la k es  p la c e  on  the su rfa ce  o f  the m ateria l 1 1 3 -1 4 ], 
iind also d ep en d s u p o n  th e  d e fe c t  structure o f  f i lm s  f 12].
The hyd rogen  c o n te n t o f  th in  f i lm  is  le s s , co m p a red  to  the  
Hulk [1 6 -1 9 ], T h e  e le c tr ic a l r e s is t iv ity  o f  b u lk  h y d rid e m ateria l 
Has been stud ied  by  m a n y  w o rk ers 1 1 5 -1 8 ], A d a ch i e ta l[ \0 ,\9] 
have studied the e f f e c t  o f  h y d ro g en  a b sorp tion  o n  the e lec tr ica l  
‘^■^isiivity o f  L a N i^  a n d  L a C o ^  f i lm s  d e p o s i t e d  by  f la sh  
t‘vaporation at 90®C u n d er  v a cu u m  c o n d it io n  for 3 0  m in . for  
j‘‘^ verai c y c le s . U c h id a  and  F ro m m  [2 0 ]  h a v e  in v es tig a ted  the  
[*^ '^^ isiivity c h a n g e  d u r in g  h y d ro g en  ab so rp tio n  in  tan talum  w ire  
have m easu red  th e  c o n te n t  o f  h y d ro g en  ab sorb ed . W elter  
have m e a s u r e d  a n d  m o n ito r e d  th e  c o n c e n tr a t io n  o f  
a b so rb ed  w ith  th e  r e s is t iv ity  v a r ia tio n  in  F c T i-H  
U padhyay et al [22] h a v e  stu d ied  the e f fe c t  o f  resistan ce
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o f  c y c l ic  h y d r o g e n  c h a r g in g  and  d is c h a r g in g  o f  o b liq u e ly  
d eposited  FcT i thin film s. R ecen tly  Jain etal ( 2 3 ,2 4 )  have studied  
th e  h y d r o g e n  a b s o r p t io n  c h a r a c t e r i s a t io n  o f  o b l iq u e ly  
d ep o sited  M m N i^  ,  and LaNi^ thin film s and their resu lts are 
in a greem en t w ith  resu lts o f  S u zu k i [1 5 ].
In th is paper, w e  h a v e  in v e s tig a te d  the res ista n ce  ch a n g e  
d uring  c y c lic  h y d ro g en  ch a rg in g  and d isch a rg in g  o f  o b liq u e ly  
d ep o s ited  LaNi^ th in  film  for four c y c le s .
2. Experimental technique
2 .1 Thin film preparation :
T h e L a N i5 thin film  (s iz e  1 cm  x  1 c m ) o f  th ick n ess  13(X)A w ere  
d e p o s ite d  by fla sh  ev a p o ra tio n  m eth o d  at a p ressu re  o f  2 x  
Torr at room  tem perature at d ifferen t a n g le s  {$ =  0*^ , 3 ( / ’, 
45" ,^ 6 0 ^  75®) on the g la ss  substrate (s iz e  o f  2 .5 4  cm  x  2 .5 4  c m ) by 
o b liq u e ly  d ep o s ited  tech n iq u e  [2 5 ] . In the fla.sh ev a p o ra tio n  
tech n iq u e , the tu n g sten  boat w a s h eated  u pto  15(X)®C. m ateria l 
w a s a llo w  to  fa ll on  th e h eated  boat and  it w a s d e p o s ite d  on to  
the g la s s  substrate. T h e  su b stra tes w ere  kep t eq u a l d is ta n ce  
from  the tu n gsten  b oat in order to  g e t  the u n ifo rm  th ick n ess  
m a in ta in in g  the d ifferen t a n g le  o f  d e p o s it io n  0 =  0®, 30®, 45®, 
60®, 75® w ith  resp ect to  b a se  p la te . T h e  th ick n ess  o f  the sa m p le  
w a s m easured  by quartz crystal th ick n ess m on itors and w e ig h in g  
m eth od . A fter  d e p o s it io n , a ll sa m p le s  w ere  e x p o se d  to  the dry
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h y d ro g en  (purity  9 9 .9 5 % ) at a p ressure o f  I atm  and le ft for 12 
h o u rs. T h e  h y d r o g e n a te d  sa m p le s  w ere  tra n sfo rm ed  to  the  
m e a s u r e m e n t  c h a m b e r  o n e  b y  o n e . T h e  te m p e r a tu r e  o f  
h yd ro g en a ted  LaNi^j th in  film  w a s m easu red  w ith  the h e lp  o f  
co p p er  co n sta n ta n  th erm o co u p le  w ith  accu racy  ±  2‘^ C.
2.2 Hydroffenation o f LaNi^ thin films :
T h e LaNi^ th in  f i lm s  w ere  a c tiv a ted  at 3(K)^C for 3 0  m in . at a 
p ressu re  o f  2 x 1 0 “  ^ Torr. T h e sa m p le s  w ere  c o o le d  to  room  
tem perature and a ga in  h y d ro g en a ted  at 1 a tm o sp h ere  h y d ro g en  
pressure for h y d ro g en  ab so rp tio n . F^ 'or d isch a rg in g , the sa m p les  
w ere h ea ted  s lo w ly  and gra d u a lly  by v a ry in g  p o w er  in a heater. 
T h e dry h y d ro g en  (9 9 .9 %  p u rity ) w a s flu sh ed  in to  the v acu u m  
ch a m b er for  ch a rg in g  the sa m p le  for se c o n d  c y c le .
E ach  sa m p le  w a s ch a rg ed  w ith  h y d ro g en  and d isch a rg ed  by  
h e a t in g  u n d e r  v a c u u m  c o n d i t io n s .  F"or e a c h  s u b s e q u e n t  
ch a rg in g  c y c le ,  a ll sa m p le s  in turn, w ere  e x p o se d  to  h yd rogen  
under s im ila r  c o n d it io n . T h e  ch a rg in g  and d isch a rg in g  c y c le s  
o f  sa m p le  w ere  m o n ito red  by m ea su r in g  the resista n ce  
v a ria tio n  w ith  th e  h e lp  o f  a d ig ita l m u ltim eter  h a v in g  input 
im p ed a n ce  o f  ab o u t «  10 MjC2,
2.3 Composition o f LxiNi  ^thin films :
T h e [-.aNi^; thin f i lm s  w ere  ch a ra cter ised  by X -ray  tlu o r e sc e n c e  
(X RI") te c h n iq u e  to  s tu d y  th e c o m p o s it io n . F rom  the X R F  
sp ectru m , the c o m p o s it io n  o f  the th in  f i lm s  w a s fou n d  to  be  
a lm o st sa m e  as that o f  bu lk  I^ctNi,..
3. Result and discussion
3.1 Effect o f deposition angle on resistance o f LaNi^ thin 
film s:
F ig u r e  1 s h o w s  th e  v a r ia t io n  o f  r e s is ta n c e  w ith  a n g le  o f  
d e p o s itio n  o f  LaNi,^ th in  f i lm s . It ca n  be .seen from  the F igu re  
that res ista n ce  o f  th in  f i lm  in crea ses  w ith  a n g le  o f  d ep o s it io n . 
T h ic k n e ss  o f  all th in  f i lm s  arc a lm o st sa m e th erefore  the large  
varia tion  in the re s ista n ce  o f  thin f ilm s  is  d u e  to  large  variation
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during d ep o sitio n . In o b liq u e  d ep o s it io n , the grow th  o f  filni 
the d ir e c t io n  o f  v a p o u r  b ea m  ; h e n c e  c r y sta l g ro w s m ih^  
d irectio n  o f  v ap ou r b ea m , ca st in g  sh a d o w  b eh in d , resultmi) m 
vacan t sp a c e s  k n o w n  as " S e lf  S h a d o w in g  E ffect"  (2 6 , 27) ifj 
su ch  ty p e  o f  g ro w th , d u e  to  S e l f  S h a d o w in g  E ffe c t , porosit\ ui 
thin film  in crea ses . T h is  p o ro sity  in c r e a se s  w ith  increase ^ 
d e p o s it io n  a n g le  [2 8 ] , r e su lt in g  in  la rg er  su r fa ce  area ihan 
norm ally  d ep o sited  film .
3.2 Effect o f hydrogen charging and discharging cycle
T h e ch a rg in g  and d isch a rg in g  o f  L aN i^  th in  f i lm s  dcposjicd a» 
d ifferen t a n g le s  (0 = \  30*’, 45**, 60*’, 75*’) w ere studied  for (..uj 
h y d ro g en  ch a rg e  and d isch a rg e  c y c le s  are sh o w n  in Figure 2 7
Temperature {*€)
Figure 2. tR,^ v s  Tefnperature foi 0  = 0*
0  20 40 60
Oaposition Angle (Degree) 
F ig u re  1. R^l Ro vs angle o f  deposition.
80
Temperature (‘»C)
F ig u re  3 . RfftR  ^ vs Temperature for 0 =  3iY\
In the F igures 2-6, Bff/RQ is p lo tted  as a function 
te m p e ra tu re , w here  is the  re s is ta n c e  activation
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jivJrogcnated LaNi^ film  and is the re sista n ce  o f  hydrogen  
exposed as d e p o s ite d  thin f ilm . T h e  ch a rg in g  o f  all sam p le w as  
carried out at 1 a tm o sp h ere  o f  h y d ro g en  pressure and at room  
icmperaiurc, and d isch a rg in g  w a s carried  out in the tem perature  
range 30  to 170*^C. T h e  c h a rg in g  o f  all sa m p les  by hyd rogen  is 
shown in F ig u res  2 -6  by the re la tiv e  ch a n g e  in resista n ce  ( / ? , /  
on the le ft s id e  o f  v ertica l lin e  m ark ed  w ith  p o in ts A , D . G 
and J and h y d ro g en  d isch a rg in g  by the p o in ts B , E , H and K 
including the cu r v e s . T h e  in crea se  in res ista n ce  o f  LaNi^ thin  
lilin on ch arg in g  w ith  h y d ro g en  is  d u e  to  h y d ro g en  atom  taking  
oDC electron  from  the c o n d u c tio n  band o f  LaNi^ in agreem ent 
with A dachi etal[\0].
sh o w n  in the portion  A -B  m F ig u res 2 -6 . O n c o o lin g  the sam p le  
at room  tem perature, the ratio o f  resistance is stab ilised  indicated  
by the portion  B -C . A t th is sta g e , the thin film  sa m p le  w a s  
ex p o se d  to h y d rogen  at 1 a tm osp h ere and left for 12 hours, for 
next c y c le .
Kijiurc 4. Tcin|>erature for o  ~  '^ 5"
[\t cycle:
Tlic h yd rogen ated  film  w a s h ea led  u p to  170“C at a pressure o f  
2 X 10 Torr and fou n d  that the ratio o f  resista n ce  o f
thin film  d e c r e a se s  w ith  in crea s in g  the tem perature as
Temperature (**0)
figure 5. R„IR^  vs Temperature for 0 = 60’.
lind cycle:
In s e c o n d  h y d ro g en a ted  c y c le ,  the in crea se  in the ratio o f  
resista n ce  (Rf/R^^) o f  film  is found to  be m ore than 1st ch argin g  
c y c le  as sh o w n  by the vertica l line C -D . In d esorp tion  c y c le , the 
film s is heated  upto 17()‘'C, the ratio o f  resistan ce Rf/R^) is found  
to decrease w ith  tem perature as sh ow n  the portion D -E  in F igures 
2 -6 . O n c o o lin g  the sa m p le  at room  tem perature at pressure 2 x  
lO '^  Torr, the ratio o f  resista n ce  is s ta b ilised  in d ica ted s by the 
poin ts E-F. A gain  thin film  is ex p o sed  to a pressure J atm osphere  
o f  h yd rogen  and left for 12 hours for third c y c le ,
IJIrd cycle:
In the third h yd rogen  ch a rg in g  c y c le , the ch a n g e  in the ratio o f  
resista n ce  is m ore than Ilnd c y c le  sh o w n  by vertica l lin e  F -G  in 
F ig u res 2 -6  and d eso rp tio n  c y c le  sh o w s  the portion  G -H  in 
F igu res 2 -6 . A ga in  thin film s w ere left in hyd rogen  environm ent 
at 1 a tm osp h ere for 12 hours, and for fourth c y c le .
IVth cycle:
In fourth ch arg in g  c y c le , .shown in the vertica l lin e  I~J, is  the 
sa m e  v aria tion  as that o f  the 1st, Iln d  and I llrd  c y c le  w ith  
tem perature. A n d  in c o o lin g , the rc.si.slancc is  sh o w n  by the  
portion H -L
In first h y d ro g en  c h a r g in g  c y c le ,  sm a ll in c r e a se  in  the  
variation  o f  resista n ce  in d ica te s  that there e x is t  an o v e r  la y er  o f  
o x y g en  w h ich  is due to ex p o su re  o f  thin film  to  air during transfer 
o f  sa m p le  from  o n e preparation  ch a m b er  to  o n e  m ea su rem en t
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cham ber. T h is  c a u se s  the le s s  h yd rogen  absorption  in first c y c le  
than Iln d  c y c le . B ut it s e e m s  that the e ffe c t  o f  o x id e  layer is  
rem o v ed  w ith  n u m b er o f  h yd rogen  ch arg in g  and d isch a rg in g  
c y c le s  sh o w n  in F ig u res 2 -6 . In fourth c y c le  the sa m p le  tends to  
a cq u ire  the sta b le  sla te .
T h e  m e a s u r e m e n t  d e s c r ib e d  a b o v e  fo r  fo u r  h y d r o g e n  
ch a rg in g  and d isch a rg in g  c y c le s  o f  LaNi^ o b liq u e ly  d ep o sited  
f i lm s , can  b e u n d e r sto o d  w ith  th e h e lp  o f  a n o th er  p lo t  o f  
p ercen ta g e  c h a n g e  in the ratio  o f  re s ista n ce  {Rjj/R^) d u e  to  
h y d ro g en  a b sorp tion  w ith  th e a n g le  o f  d ep o sit io n  {Q) w h ich  is  
sh o w n  in F ig u re  7 . T h e  la rg e  R^fR^  ^ c h a n g e  w ith  a n g le  o f  
d e p o s itio n  can  be e x p la in e d  on  the b a sis  o f  " S e lf S h a d o w in g  
E ffect"  in trod u ced  d u rin g  the grow th  o f  thin film  by o b liq u e ly  
d e p o s itio n  tech n iq u e  ( 2 6 ,2 7 ) .
20 40 60 80
Angle of deposition (0)
Figure 7, Percentage (%) change in vs, angle of deposition (0 ).
T h e  e ffe c t  o f  c y c le  ch a rg in g  and d isch a rg in g  o f  f ilm s  d u e to  
hydrogen  tends to  saturate the sa m p le  w ith  hydrogen  after fourth  
c y c le . O n c o o lin g , the res ista n ce  o f  film  in crea ses w h ich  can  b e  
ex p la in e d  d u e to  ab sorp tion  o f  h y d ro g en  b y  sa m p les , w h ich  
ta k es an e lec tro n  from  LaNi^. In c a se  o f  granular film s , the  
e lec tr ica l co n d u ctio n  is  d u e  to  the h o p p in g  o f  e lec tro n s from  
o n e  grain  to  an oth er 131) w h ich  is e a s ier  at h igh  tem perature. 
T h u s on  h ea tin g  th e sa m p le  the re s ista n ce  d e c r e a se s  d u e to  
in crea se  in grain s iz e  and d ecrea .ses in intergrannular d ista n ce . 
T h e  d if fe r e n t  h y s t e r e s is  c u r v e s  o b ta in e d  o n  h e a l in g  a n d  
su b se q u e n t c o o lin g  fo r  f i lm s  d e p o s ite d  at d if fe r e n t  a n g le s ,  
(0 =  0 ^  3 0 ° , 4 5 ° , 6 0 ° , 7 5 ° )  co u ld  b e  ex p la in ed  on  the b a sis  o f  
G rosk y  e ffe c t  f2 9 ) . T h is  is  due to  the in h o m o g e n e o u s  spatia l 
distr ibution  in a sa m p le  w h ich  c a u se s  strain grad ien ts lea d in g  
to  d e fo rm itie s  in the sh a p e  o f  sa m p le s , prob ab ly  g iv in g  r ise  to  
d ifferen t sh a p es  o f  the c u r v e s . T h e  resu lts  is  in  a g reem en t w ith  
the resu lts o f  D o y le  etal [3 0 ]  o n  P d -8 at, % Y  a llo y , w h ere  they  
o b serv ed  h y ste r e s is  ty p e  b eh a v io u r  in  the re s istiv ity  cu rv es .
4. Conclusion
(i) T he resistance o f  o b liq u e ly  d ep o sited  LaNi^ thin rilrn^  
in crea ses  w ith  d e p o s it io n  a n g le s .
(ii) D u rin g  c y c lic  c h a rg in g  /  d isch a rg in g  o f  hydrogen m 
L aN ij. th in  f i lm s , the r e s is ta n c e  in c r e a se s  due  lo 
h y d ro g en  ch a rg in g  ap<J d ec r e a se s  w h ile  discharging  
it.
(iii) T h e a m o u n t o f  h y d ro g en  a b sorb ed  in crea ses with 
the num ber o f  c h a rg in g  and d isch a rg in g  c y c lic  and 
in fou r  c y c le s ,  the sa m p le  b e c o m e s  saturated with 
h y d ro g en .
(iv) T h e rate o f  ch a rg in g  and d isch a rg in g  in creases wnh 
d ep o sitio n  a n g le s  o f  th in  film s.
(v ) P ercen tage  (% ) ch a n g e  in variation  in resistance with 
n u m b e r  o f  h y d r o g e n  c h a r g in g  and  d isch a rg in g  
in crea ses  w ith  the n u m b er o f  c y c le s .
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